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[TITLE OF INVENTION] 



METHOD AND APPARATUS FOR ETCHING SI 



[CLAIMS] 



!. A method for dry-etching a Si substrate or a Si layer in 

a processing chamber, comprising the step of: 

supplying an etching gas into the processing chamber, 
wherein the etching gas is a mixture gas including Cl„ 0 2 

and NF3 and a residence time r of the etching gas is equal to 

or greater than about ISO msec, the residence time r being 

defined using a formula (1) : 
t = pV/Q ...(1) 

where p represents an inner pressure of the processing 
chamber; V, an effective volume of etching space formed on the 
Si substrate or the Si layer; and Q, a flow rate of the 
etching gas. 

a The method of claim 1, wherein a sum of flow rates of CI, 
etching gas. 

3 . The method of claim 1 or 2 , wherein a ratio of a flow 
rate of Cl 2 and 0 2 ranges from about 1: 0 . 1 to about 1: 0.3. 



- 1 " 



* i i t-o 3 wherein the flow rate 

4. The method of one of claims 1 to 3 , 

i 4-^ ipqs than about 300 seem, 
of the etching gas is equal to or less tnan 

5 The method of one of claims 1 to 4, wherein the inner 
pressure of the processing chamber ranges from about 20 mtorr 
to about 2 00 mtorr. 

6 Th e method of one o£ claim, 1 to 5, wherein the 
processing chamber is provided with two electrodes for 
generating a plasma of the etching gas therebetween and a 
distance between the electrodes ranges from about 30 mm to 
about 3 00 mm. 

7. An apparatus for etching a Si substrate or a Si layer, 
comprising : 

a processing chamber which is provided with a gas inlet 
and a gas outlet, and removably accommodates therein the Si 
substrate or an object having the Si layer; 

an etching gas supply unit which mixes Cl 2 , 0 2 and NF 3 to 
provide an etching gas and supplies the etching gas to the 
processing chamber through the gas inlet; 

a plasma generator for generating a plasma of the etching 

a discharge unit which evacuates an interior of the 
processing chamber through the gas outlet to maintain an inner 
pressure of the processing chamber at a level. 
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wherein etching of the Si substrate or the Si layer is 
carried out while maintaining a residence time r at a level 
equal to or greater than about 180 msec, the residence time r 
being defined using a formula (2) : 
T = pV/Q .-(2) 

where p represents an inner pressure of the processing 
chamber; V, an effective volume of etching space formed on the 
Si substrate or the Si layer; and Q, a flow rate of the 
etching gas . 

8. The apparatus of claim 7, wherein the etching gas supply 
unit supplies the etching gas into the processing chamber such 
that a flow rate of the etching gas is equal to or less than 
about 3 00 seem. 

9. The apparatus of claim 7 or 8 , wherein the discharge unit 
maintains the inner pressure of the processing chamber at a 
level ranging from about 20 mtorr to about 200 mtorr. 

10. The apparatus of one of claims 7 to 9, further comprising 
an upper electrode and a lower electrode in the processing 
chamber wherein a distance between the upper electrode and the 
lower electrode ranges from about 30 mm to about 300 mm. 



[DETAILED DESCRIPTION OF THE INVENTION] 



- 3 - 



[FIELD OF THE INVENTION] 

The present invention relates to a method and apparatus 
for etching Si (silicon) ; and, more particularly, to a method 
and an apparatus for forming a trench with a narrow width and a 
deep depth in a Si substrate or a Si layer. 

[DESCRIPTION OF THE PRIOR ART] 

A shallow trench isolation (STI) scheme is widely used in 
the manufacture of LSI (large scale integrated) circuits to 
isolate devices or elements thereof. The STI generally includes 
the step of dry-etching in a Si substrate a relatively shallow 
trench (or groove) having a depth of 1 Mm or less by using a 
photoresist or an insulating layer as a mask. Such a trench 
etching requires a technique to control a trench depth and a 
trench profile, especially a sidewall angle (taper angle) . 

Conventionally, a Br (bromine) -based mixture gas, typically 
a mixture gas of HBr and Q 2 , is widely used as an etching gas 
for the STI procedure. HBr is a relatively less reactive with 
an oxide layer (Si0 2 ) formed by 0 2 on a sidewall of the trench, 
so that the trench is more likely to have a tapered profile. On 
the other hand, when compared with etching gases based on other 
halogen elements of, e.g., P and Cl , HBr provides a better 
controllability over a thickness and a taper angle of a sidewall 
protection layer. As for the taper profile, since the depth of 
a trench used in the STI technology is shallow, the tapered 
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profile of the trench rarely has an adverse effect in forming an 
STI. On the contrary, it is understood that the tapered profile 
is preferred to a vertical profile since the tapered profile can 
prevent a void from occurring in the course of filling the 
trench with an insulating material . 

[PROBLEM TO BE SOLVED BY THE INVENTION] 

However, as the device density increases with the spacing- 
down of devices in the LSI, a deep trench isolation (DTI) is 
gaining favor over the STI due to its high device isolation 
capability. Since a DTI procedure includes the step of etching 
a relatively deep trench (or groove) having a depth of from 
about 3 to 5 nm into a Si substrate, a trench etching technique 
compatible with a high aspect is required. 

However, the deep trench with a high aspect cannot be 
formed with the mixture gas of HBr and 0 2 and thus this mixture 
gas is not compatible with the DTI. Moreover, this mixture gas 
presents a several drawbacks such as a low etching rate and thus 
a poor processing efficiency and a low productivity. 

It is, therefore, an object of the present invention to 
provide a method and apparatus capable of etching Si for the 
manufacture of a trench structure having a high aspect with an 
enhanced etching rate. 



[SOLUTION PROVIDED BY THE INVENTION] 
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In accordance with one aspect of the invention, there is 
provided a method for dry-etching a Si substrate or a Si layer 
in a processing chamber, including the step of: 

supplying an etching gas into the processing chamber, 

wherein the etching gas is a mixture gas including Cl 2 , 0 2 
and NF 3 and a residence time r of the etching gas is equal to 
or greater than about 180 msec, the residence time r being 
defined using a formula (1) : 

r = pV/Q ...(1) 

where p represents an inner pressure of the processing 
chamber; V, an effective volume of etching space formed on the 
Si substrate or the Si layer; and Q, a flow rate of the 
etching gas. 

In accordance with another aspect of the invention, there 
is provided a apparatus for etching a Si substrate or a Si 
layer, including: 

a processing chamber which is provided with a gas inlet 
and a gas outlet, and removably accommodates therein the Si 
substrate or an object having the Si layer; 

an etching gas supply unit which mixes Cl 2 , 0 2 and NF 3 to 
provide an etching gas and supplies the etching gas to the 
processing chamber through the gas inlet; 

a plasma generator for generating a plasma of the etching 

gas; 

a discharge unit which evacuates an interior of the 
processing chamber through the gas outlet to maintain an inner 
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pressure of the processing chamber at a level, 

wherein etching of the Si substrate or the Si layer is 
carried out while maintaining a residence time r at a level 
equal to or greater than about 180 msec, the residence time r 
being defined using the above formula (1) . 

In the present invention, a mixture gas including Cl 2 , 0 2 
and NF 3 is employed as an etching gas. Cl 2 , a primary etchant 
for etching Si, reacts with Si with a higher reaction 
possibility than HBr to produce a highly volatile material, so 
that a high etching rate can be obtained. 0 2 reacts with Si to 
form a side etching-resistant oxide layer or a protection 
layer (SiO x ) on a sidewall of an etched groove. NF 3 prevents 
the sidewall protection layer from overgrowing, so that the 
etchant can be readily introduced into a deep portion or a 
bottom part of the etched groove, rendering Si to be etched 
anisotropically . 

In an etching treatment for forming a deep vertical groove 
(or a trench) with a small opening width, it is important to 
balance a deposition rate and an etching rate near the bottom of 
the etched groove. In the present invention, the etching of Si 
is performed under a condition that a residence time r is equal 
to or greater than about 180 msec. 

As an example, the flow rate Q of the etching gas is 
required to be equal to or less than about 95 seem in order to 
keep the residence time r being equal to or greater than about 
180 msec if a parallel plate type plasma etching apparatus is 
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used for performing an etching treatment under a condition as 
follows: the diameter of a Si wafer is 2 00 mm, an inner pressure 
of a chamber is 60 mtorr and an electrode gap is 115 mm. 

In the present invention, it is preferable to set the sum 
of flow rates of Cl 2 and 0 2 to be equal to or greater than about 
80% of the total flow rate of the etching gas (Cl 2 /0 2 /NF 3 ) . 
Therefore, in the example aforementioned, it is preferable to 
set the sum of the flow rates of Cl 2 and 0 2 to be equal to or 
less than about 75 seem. 

Further, the ratio of flow rates between 0 2 and Cl 2 is 
also an important parameter. The ratio of 0 2 /Cl 2 is preferably 
set to range from about 1 : 0.1 to about 1 : 0.3 and more 
preferably to range from about 1: 0.15 to about 1: 0.20. If the 
ratio of 0 2 /Cl 2 is excessively high, a growth rate of an 
accumulation layer on the sidewall becomes higher, so that a 
taper angle becomes less or the etching rate becomes smaller. 
In contrast, if the ratio of 0 2 /Cl 2 is excessively low, the 
protection of the sidewall becomes deteriorated, so that the 
etched groove is apt to have a reversely tapered profile or a 
bowing profile. 

Further, in the present invention, an inert gas such as 
Ar can be mixed with the etching gas as a diluent gas; and it 
is preferable to set the total flow rate of the etching gas to 
be equal to or less than about 300 seem. Moreover, it is 
preferable to set the etching pressure to range from about 2 0 
mtorr to about 200 mtorr; and in case of a parallel pate type 
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electrodes, it is also preferable to set the distance between 
electrodes to range from about 3 0 mm to about 3 00 mm. 

In the etching apparatus of the present invention, it is 
preferred that a plasma generator in a chamber is provided 
with a pair of electrodes facing each other, i.e., a first 
electrode on which an object to be processed is loaded and a 
second electrode spaced apart from the first electrode by a 
predetermined distance. In such a case, ion assist etching can 
be performed by applying a high frequency power to the first 
electrode. 

[DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS] 

The preferred embodiments of the present invention will 
now be described with reference to accompanying drawings. 

Referring to Fig. 1, there is illustrated an etching 
apparatus in accordance with a preferred embodiment of the 
present invention. The etching apparatus is a parallel plate 
type plasma etching apparatus and includes a cylindrical 
chamber 10 formed of aluminum, whose surface is alumite- 
treated (i.e., treated by anodic oxidation). The chamber 10 is 
grounded . 

Disposed on an inner wall of the chamber 10 is a 
cylindrical deposition shield 12 formed of alumina. Supported 
by a bottom wall of the chamber 10 through an insulation plate 
13 such as ceramic is a columnar susceptor supporting table 14, 
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on which a susceptor 16, e.g., formed of aluminum, is disposed. 
The susceptor 16 serves as a lower electrode, on which an 
object to be processed, e.g., a single crystal Si substrate or 
a Si wafer, is loaded. 

Disposed on top of the susceptor 16 is an electrostatic 
chuck 18, which holds a Si wafer W by the force of 
electrostatic attraction. The electrostatic chuck 18 is 
provided with an electrode 2 0 formed of a conductive sheet 
which is buried between a pair of insulating sheets and 
electrically connected to a DC power supply 22. The Si wafer W 
is adhered on the electrostatic chuck 18 by the coulomb force 
generated therebetween by the application of a DC voltage 
thereto from the DC power supply 22. Disposed around the 
electrostatic chuck 18 above the level of the susceptor 16 is 
a focus ring 24 formed of, e.g., quartz, for improving etching 
uniformity. 

In the susceptor supporting table 14, a coolant 
passageway 26 is formed, for example, along the periphery 
thereof. A coolant, e.g., a cooling water, of a predetermined 
temperature is circularly supplied to the coolant passageway 
2 6 from an external chiller unit (not shown) through coolant 
lines 2 6a and 2 6b. Thus, a temperature of the Si wafer W on 
the susceptor 16 can be controlled by controlling a 
temperature of the coolant. 

Further, a cooling gas, e.g., helium, is supplied from a 
cooling gas supply source (not shown) into a gap between an 
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upper surface of the electrostatic chuck 18 and a lower 
surface of the Si wafer W through a gas supply line 28. The 
cooling gas supply source is configured to control back 
pressures at a central portion and a peripheral portion 
independently in order to improve the etching uniformity over 
the entire surface of the Si wafer W. 

Installed above the susceptor 16 in a manner to face 
parallel to the susceptor 16 is an upper electrode 3 0 
supported by the chamber 10 through an insulating member 32 . 
The upper electrode 30 is provided with an electrode plate 36 
at a lower portion thereof, which has a plurality of holes 34 
and is formed of ceramic such as alumina; and an electrode 
supporting member 38, which supports the electrode plate 3 6 
and is formed of a conductive material such as aluminum having 
its surface subjected to alumite treatment. Encompassed by the 
electrode plate 36 and the electrode supporting member 38 is a 
buffer space, on an upper central portion of which a gas inlet 
opening 4 0 is disposed. The gas inlet opening 4 0 is connected 
with a processing gas supply unit 42 via a gas supply line 44. 

Formed at the bottom wall of the chamber 10 is an exhaust 
opening 46, which is connected with a discharge unit 50 
through an exhaust line 48. The discharge unit 50 is provided 
with a vacuum pump such as a turbo molecular pump and reduces 
a pressure of an etching space within the chamber 10 to a 
predetermined vacuum level. Further, installed on the sidewall 
of the chamber 10 is a gate valve 52 which opens and closes an 
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opening for conveying the Si wafer W into and from the chamber 
10. 

Connected to the upper electrode 3 0 via a matching unit 
56 is a first high frequency power supply 58, which applies 
thereto a power of high frequency ranging from about 50 to 15 0 
MHz , and typically the power of about 6 0 MHz thereto. In 
addition, the upper electrode 30 is connected to the ground 
via a low pass filter 54 . 

Connected to the lower electrode, i.e., the susceptor 16, 
via a matching unit 62 is a second high frequency power supply 
64, which applies thereto a power of high frequency ranging 
from about 1 to 4 MHz and typically the power of around 2 MHz 
thereto. In addition, the susceptor 16 is connected with the 
ground via a high pass filter 60. 

In the preferred embodiment, an electrode gap, i.e., a 
distance between the upper electrode 3 0 and the lower 
electrode (susceptor 16) , is preferably set to range from 
about 3 0 to about 3 00 mm. 

To perform an etching treatment with this plasma etching 
apparatus, a Si wafer W to be processed is first conveyed into 
the chamber 10 and loaded on the susceptor 16 after the gate 
valve 52 is opened. Then after closing the gate valve 52, an 
etching gas with a certain flow rate is introduced into the 
chamber 10 from the processing gas supply unit 42 and the 
inner pressure of the chamber 10, i.e., an etching pressure, 
is set to a predetermined pressure, preferably ranging from 
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about 20 mtorr to about 200 mtorr, by the discharge unit 50. 
The first high frequency power supply 5 8 applies a 
predetermined power level of a frequency of about 6 0 MHz to 
the upper electrode 3 0 and the second high frequency power 
supply 64 applies a predetermined power having a frequency of 
about 2 MHz to the susceptor 16. Further, the DC power supply 
22 applies a DC voltage to the electrode 2 0 of the 
electrostatic chuck 18, so that the Si wafer W is fixedly 
adhered on the susceptor 16. The etching gas introduced into 
the etching space from the electrode plate (or shower head) 36 
through the plurality of holes 34 thereof is transformed into 
a plasma state by the glow discharge between the upper and 
lower electrodes 30 and 16, so that radicals and ions of the 
etching gas produced by the plasma etch the Si wafer W. 

In the plasma etching apparatus of this preferred 
embodiment, generation of a high density plasma with a proper 
dissociation state under a relatively low pressure is achieved 
by applying to the upper electrode 3 0 a frequency ranging from 
about 50 to about 150 MHz, which is higher than a conventional 
one (generally about 2 7 MHz) . Further, by applying to the 
susceptor 16 serving as the lower electrode a frequency 
ranging between about 1 and about 4 MHz, which is higher than 
a conventional one (generally about 800 KHz) , a RIE (reactive 
ion etching) is properly carried out under a relatively low 
pressure . 

In this preferred embodiment, the etching gas is a 



- 13 - 



mixture gas including Cl 2 , 0 2 and NF 3 . Thus, the processing gas 
supply unit 4 2 is provided with a Cl 2 gas supply section 66, an 
0 2 gas supply section 68 and an NF 3 gas supply section 70 as 
shown in Fig. 2, wherein gas flow rates thereof are 
independently controlled by corresponding mass flow 
controllers 66a, 68a and 70a, respectively. Further, an inert 
gas, e.g., Ar gas, serving as a diluent gas can be mixed with 
the etching gas. In such a case, a diluent gas supply section 
(not shown) needs to be installed in the processing gas supply 
unit 42 . 

Details of examples carried out in accordance with the Si 
etching method of the present invention will now be described. 

Examples 1 to 8 

Trench etchings for forming a trench for DTI, which has 
an opening width of about 0 . 3 fim and a depth of about 3 to 
about 6 fim, were performed by using the plasma etching 
apparatus shown in Fig. 1 while varying gas flow rates of Cl 2/ 
0 2 and NF 3 included in the etching gas and ratios of flow rates 
thereof. Figs. 3 and 4 show the resultant data obtained from 
the examples 1 to 8 . The other major etching conditions are as 
follows : 

Diameter of the Si wafer; 2 00 mm 
Mask made of two material layers; 

upper layer - Si0 2 layer of 3000 A 

lower layer - SiN layer of 1500 A 
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Pressure; 60 mtorr 

RF power (upper electrode/lower electrode) ; 

500 W/600 W 
Electrode gap; 115 mm 

Temperature (upper electrode/lower electrode/chamber 
sidewall) ; 80°C/60°C/60°C 

Comparative examples 1 and 2 

Trench etchings for forming a trench for DTI, which has 
an opening width of about 0.3 fxm and a depth of about 3 to 
about 6 /zm, were performed by using the plasma etching 
apparatus shown in Fig. 1 while using a mixture gas of HBr, 0 2 
and NF 3 (Comparative embodiment 1) or a mixture gas of HBr and 
0 2 (Comparative embodiment 2) as the etching gas. Other 
etching conditions were identical to those of the examples 1 
to 8 excepting that the electrode gap was 12 0 mm. Fig. 5 shows 
the resultant data obtained from the comparative examples 1 
and 2 . 

As indicated in Figs. 3 and 5, etching rates (E/R) of 
examples 1 to 8 are greater than about 0.78 /im/min, while 
etching rates of comparative examples 1 and 2 are about 0.25 
/xm/min. Thus, the etching rates of the examples 1 to 8 are 
three times those of the comparative examples 1 and 2 . 

Further, a taper angle of the comparative example 1 
(92.3°) exceeds 90°, so that a trench thereof has a reversely 
tapered profile or a bowing profile and a taper angle of the 
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comparative example 2 (87.5°) is less than 89° , so that a 
trench thereof has a tapered profile. Thus, a trench having a 
near-vertical profile can be achieved in neither of the 
comparative examples 1 and 2. 

In contrast, taper angles of the examples 1 to 3 are 
89.3°, 89.0° and 89.2° respectively, so that they are within a 
range between 89° and 90°. Thus, trenches thereof have a near- 
vertical profile. However, taper angles of the examples 4 to 7 
are 87.6°, 87.5° and 87.7° respectively, so that trenches 
thereof have a tapered profile. And trench of the example 8 
has a taper angle of 91.8° of a bowing profile. 

As can be seen from the data of examples shown in Fig. 3, 
flow rates of the examples 1 to 3 , particularly sums of flow 
rates of Cl 2 and 0 2 thereof, are comparatively small. More 
specifically, in the examples 1 to 3, flow rates of the 
etching gases are equal to or less than 45 seem, and residence 
times are equal to or greater than 380 seem. The residence 
time r is defined in Fig. 6. In addition, the sum of flow 
rates of Cl 2 and 0 2 is equal to or less than 25 seem. 

In order to form a trench having an opening of a minute 
width of about 0 . 3 fim and a depth of about 3 to about 6 /im 
with vertical sidewalls, it is important to control the 
residence time of the etching gas, i.e., the flow rate of the 
etching gas containing Cl 2 , 0 2 and NF 3 , and more particularly, 
the sum of the flow rates of Cl 2 and 0 2 . From Figs. 3 and 5, 
it can be seen that it is preferable to set the residence time 
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to be equal to or greater than about 18 0 msec. And to do this, 
the flow rate of Cl 2 and 0 2 needs to be equal to or less than 
about 75 seem. If the sum of the flow rates of Cl 2 and 0 2 is 
high, a deposition rate at the bottom of the trench exceeds an 
etching rate thereat, so that the groove is more likely to 
have a tapered profile. Since, however, the etching rate is 
deteriorated when the sum of the flow rates of Cl 2 and 0 2 is 
too low, it is preferable to set the flow rate thereof to be 
equal to or greater than about 15 seem. 

Further, 0 2 ratio, i.e., the ratio of the flow rate of 0 2 
to the flow rate of Cl 2 , is also an important factor. In other 
words, when the 0 2 ratio is too low as in the example 8 (0.09), 
the deposition rate is less than the etching rate, so that 
etched trench is tends to have a reversely tapered profile or 
a bowing profile. In contrast, when the 0 2 ratio is 

excessively high, the deposition rate exceeds the etching rate, 
so that the etched trench is apt to have a tapered profile and 
the etching rate decreases. Thus, it is preferable to set the 
0 2 ratio to range from about 0.1 to about 0.3 and more 
preferable from about 0.15 to about 0.25. 

Although the flow rate of NF 3 gas was to be constant at 
20 seem in the examples 1 to 8, it has been found that varying 
the flow rate of NF 3 within the range from about 10 to 3 0 seem 
does not significantly affect the etching characteristics. It 
is also preferable to set the flow rate of the NF 3 to be equal 
or smaller than 20% of the total flow rate of the etching gas. 
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Further, although the pressure was set to be constant 
level of 60 mtorr in the examples 1 to 8, it is preferable to 
determine or optimize the etching pressure depending on other 
etching conditions and the dimension of the trench since the 
pressure is an important parameter affecting both the 
residence time and the etching rate. In the examples 1 to 8, 
power densities of the upper and lower electrodes are 1.6 W/cm 2 
and 1.9 W/cm respectively (obtained from the RF powers thereof, 
which are 500 W and 600 W respectively) . However, it is also 
preferable to optimize the RF powers or the power densities 
depending on other etching conditions and the dimension of the 
trench. 

Further, as shown in Fig. 3, an etching selectivity of 
the mask, i.e., a ratio of Si etching rate to Si0 2 etching rate, 
in the example 2 is 28.70. Such a level of etching selectivity 
as in the example 2 is obtained in the other examples and 
comparative examples 1 and 2. In the present invention 
employing the etching gas of the mixture of Cl 2/ 0 2 and NF 3/ it 
is preferable to employ a mask having at least a Si0 2 layer at 
the surface thereof . 

Although the plasma etching apparatus of the preferred 
embodiment has been described as having electrodes of a 
capacitance coupling type parallel plates, it should be 
apparent to those of the prior art that other types such as 
magnetron RIE and ECR (electron cyclotron resonance) can be 
also employed in the present invention. It is also to be 
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noted that the etching apparatus and etching method of the 
present invention are applicable to any types of objects, e.g., 
a Si substrate or a substrate having a Si layer. 

While the invention has been shown and described with 
respect to the preferred embodiment, it will be understood by 
those skilled in the art that various changes and 
modifications may be made without departing from the spirit 
and the scope of the invention as defined in the following 
claims . 

[EFFECT OF THE INVENTION] 

As described above, by optimizing the flow rates of Cl 2 , 
0 2 and NF 3 used as the etching gas of Si, the present invention 
provides an etching method and an etching apparatus compatible 
with a high aspect and capable of improving an etching rate. 

[BRIEF DESCRIPTION OF THE DRAWINGS] 

Fig. 1 shows an etching apparatus in accordance with a 
preferred embodiment of the present invention; 

Fig. 2 illustrates a processing gas supply unit of the 
etching apparatus of Fig. 1; 

Fig. 3 sets forth etching conditions and characteristics 
of various examples used in the present invention; 

Fig. 4 presents a graph displaying a dependency of a taper 
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angle on a sum of flow rates of Cl 2 and 0 2/ and on an 0 2 ratio (a 
ratio of a flow rate of 0 2 to a flow rate of Cl 2 ) ; 

Fig. 5 offers etching conditions and characteristics of 
comparative examples; and 

Fig. 6 presents a definition of a residence time. 

Explanation about reference numbers 

10 chamber (processing chamber) 

16 susceptor (lower electrode) 

18 electrostatic chuck 

22 DC power supply 

30 upper electrode 

36 electrode plate 

4 0 gas inlet opening 

42 processing gas supply unit 

46 exhaust opening 

58 first high frequency power supply 

64 second high frequency power supply 

66 Cl 2 gas supply section 

68 0 2 gas supply section 

70 NF 3 gas supply section 

66a, 68a, 70a mass flow controllers 
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[ABSTRACT] 

[PROBLEM TO BE SOLVED] 

Obtaining a high aspect ratio and an enhanced etching 
rate in etching SI 

[SOLUTION] 

After an etching gas is supplied from a processing gas 
supply unit 42 into a chamber 10, wherein the etching gas is a 
mixture gas including Cl 2/ 0 2 and NF 3/ an etching process is 
performed with a residence time r of the etching gas being equal 
to or greater than about 180 msec. The first high frequency 
power supply 58' applies a predetermined power level of a 
frequency of about 60 MHz to the upper electrode 3 0 and the 
second high frequency power supply 64 applies a predetermined 
power having a frequency of about 2 MHz to the susceptor 16. 
The etching gas discharged from an electrode plate having a 
plurality of holes or a shower head 3 6 of the upper electrode 3 0 
is transformed into a plasma state by the glow discharge between 
the electrodes, so that radicals and ions of the etching gas 
produced by the plasma etch the Si wafer W. 
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